While it was strongly believed that HspC vaccines trigger an immune response via 75 the activation of cell surface TLR, and in particular TLR2 and TLR4, there was no 76 empirical evidence to support this supposition. In a study recently published in 77
Vaccine we reported the first evaluation of the mechanism of action of an HspC 78 vaccine.
6 This showed that, as predicted, the cellular response of mice to neisserial 79
HspC vaccines was completely dependent on the TLR adaptor protein MyD88. 80
Surprisingly however, we found that the antibody response to this vaccine was 81
MyD88-independent, suggesting that the humoral-response to this vaccine was 82 induced by a mechanism that did not involve TLR activation. 83
HSPC VACCINE INDUCED CELLULAR RESPONSE 84
In this recent study we found that vaccination of wildtype mice with neisserial HspC 85 induced a Th1-dominant cellular response, but that this response was completely 86 absent in MyD88 deficient mice. 
TRIF (TIR-domain-containing adapter-inducing interferon-β). TLR4 109 activation induces signaling down two pathways, one of which involves TRIF, while 110
TLR2 activation is largely believed to be TRIF-independent (although there is some 111 evidence of TRIF involvement in TLR2 signaling).
10 While TRIF is also essential for 112 signaling via intracellular TLR3, it is not believed to be involved with any other TLR. 113
We therefore generated TRIF-deficient RAW264.7 macrophages (supplemental 114 Figure S1 ) and measured their cytokine response to stimulation with N. lactamica 115
HspC, revealing an intriguing extra level of complexity. While the secretion of some 116 cytokines in response to N. lactamica HspC was unaffected by TRIF deficiency (for 117 example TNFα), others such as IL-6 were shown to be TRIF-dependent (Figure 1) . In 118 addition to supporting our previous observation that neisserial HspC activates 119 multiple TLR, these findings also indicate that activation of individual TLRs by HspC 120 can result in differential cytokine secretion. 121
As mentioned above, N. lactamica HspC induces a Th1-type memory response. 6 We 122 thus evaluated IL-12 secretion (as a key driver of Th1-immunity) in the RAW264.7 123 cells we generated for this current study. Unfortunately we found that RAW264.7 124 cells do not secrete IL-12 when activated via TLR4, as previously reported. antigen-specific antibody responses, even in MyD88 deficient mice.
6 If anything, the 129 response to these vaccines was greater in mice lacking the ability to signal via all the 130 MyD88-dependent TLR than in wildtype mice. This was surprising, given our initial 131 premise that HspC vaccines adjuvant an immune response via TLR activation. 132
Our study did not identify the mechanism by which these HspC vaccines induced a 133 strong antibody response, and this remains to be determined. However, we did 134 examine the possibility that the HspC were inducing a T-cell independent antibody 135 response. This possibility was raised by studies on T-independent antibody responses 136 induced in B-cells activated with peptide liposomes that have been shown to be 137 mediated via pathways involving TRIF and not MyD88. 12 138 T-independent antigens typically either induce an antibody response via the 139 activation of TLR (excluded above) or are specific types of antigen, such as 140 polysaccharides, against which an antibody response is generated without T cell 141 help. 13 We explored the latter possibility, but while minor differences were apparent 142 in the antigens detected by HspC-specific antibodies generated by HspC vaccination 143 of wildtype and Myd88 -/-mice (Figure 2 ), the profiles of the western blots were 144 overall very similar. As no antibodies against specific types of antigens were evident 145 in the Myd88 -/-mice, the ability of neisserial HspC to induce antibodies in the absence 146 of MyD88 does not appear to be the result of a T-independent humoral response. 147
More work is therefore required to identify how this occurs. It is possible that it is 148 via a TRIF-dependent, MyD88-independent pathway as has been suggested for 149 peptide liposomes.
12 It should also be remembered that MyD88 with HspC antigen by western blot (using technique modified from 14 ). 246
